The aim was to examine the expression and localization of the five somatostatin receptors (termed SSTR1-5) in radical prostatectomies (RPs) from patients with prostatic adenocarcinoma (PCa) under complete androgen ablation (CAA) before operation.
Introduction
The effects of androgens in both the normal and neoplastic prostate are complemented by factors produced locally by stromal and epithelial cells, including the neuroendocrine (NE) cells. Among the pep-tide hormones produced by these cells, somatostatin (SST) has gained the most attention due to its antiproliferative activity and to the clinical use of SST analogues [6] .
The effects of SST analogues include a decreased tumour cell growth and angiogenesis as well as an increased cancer cell apoptosis [6] . These inhibitory effects are based on direct and indirect mechanisms. The former are mediated by tumours expressing SSTRs, whereas the latter may play a role in the regulation of SSTR-positive cells by modulating the effect of their growth stimuli, including the inhibition of secre-tion of growth-promoting factors, such as insulin-like growth factor-1, epidermal growth factor and transforming growth factor, all of which specifically regulate tumour growth [6] .
Previous studies from our group evaluated the expression and localization of the five SSTRs in conventional PCa and in PCa with NE differentiation [15, 16] . The investigations pointed out that typing somatostatin receptor expression could be of great relevance in somatostatin analogue-based diagnostic and treatment approaches. No information is available in the current literature on whether CAA affects SSTR subtype expression and localization in PCa. This information would be of paramount importance in therapeutic approaches in which SST analogues could be combined with other drugs, including those that interfere with the effect of androgens on PCa.
The aim of the study was to examine the expression and localization of the somatostatin receptors (SSTRs) in radical prostatectomy specimens with clinical prostate cancer (PCa) from patients under CAA before operation.
Material and methods
Forty RPs were obtained from the Pathology Services associated with the United Hospitals-Polytechnic University of the Marche Region. The specimens represented two groups of patients whose characteristics are in Table 1: • Group 1: twenty RPs with untreated acinar PCa (see below). HGPIN was present in all 20. These cases were from men with clinically detected PCa. None of them was under androgen manipulation before surgery. This group, used as control, was included in a previous investigation [16] .
• Group 2: twenty RPs with treated acinar PCa (see below). HGPIN was present in all 20. These cases were from men with clinically detected PCa and under CAA (a LHRH analogue plus a nonsteroidal antiandrogen) for three months before surgery. None of the cases of this group showed neuroendocrine differentiation other than a few scattered Chromogranin A positive cells.
Complete sampling was used to process the surgical specimens, examined histologically as 5 µm thick whole-mount haematoxylin and eosin stained sections [14] . The most representative blocks of the peripheral zone containing Nep, HGPIN and PCa were selected for immunohistochemistry. The PCa of these two groups was pT2a and Gleason score 6 (3 + 3) (see also below), thus avoiding the influence of tumour stage and grade in the expression of the five SSTRs.
The Gleason score of Group 2 refers to the evaluation made in the pre-therapy biopsy. The reason for not using the Gleason score in the CAA specimens was that the therapy induced regressive changes to the point that the tumour architecture, upon which the Gleason grading system is based, was no longer identifiable. We are aware of the fact that there is some discrepancy between the Gleason score of the biopsy and that of the specimen. In our experience 20% of patients with a Gleason score 3 + 3 = 6 in their biopsies have a higher score in the specimens, usually 7, the pattern 4 being in general of limited extent (unpublished observations). This means that, while the untreated RPs used in this study had all a Gleason score 3 + 3 = 6, the other group could have had a small proportion of cases with a higher score. However, the tumour present in our 20 cases from CAA patients showed all evident regressive changes, as it is usually seen in tumours with a Gleason score of 6 or lower.
Concerning recognition of HGPIN following CAA a certain degree of secretory cell type stratification was Table 2 . Positive control experiments included normal human pancreas and/or anterior pituitary gland obtained from surgery and autopsy, respectively. Negative controls were used for the tested antibodies; the primary antibody was replaced by rabbit non-immune serum.
Immunohistochemistry
Serial 5 µm thick sections mounted on silane-coated slides were dewaxed in xylene and rehydrated through a graded series of ethanol. Antigen retrieval was done by microwave treatment for 20 min at 98 • C using 0.01 M Citric Acid buffer pH 6.0. Endogenous peroxidase activity was quenched by incubating the sections in 3% hydrogen peroxide for 10 min at room temperature. Non-specific binding sites were blocked through pre-incubation with 1% albumin bovine in PBS for 20 min at room temperature. Reacted tissue sections were then incubated with the antibodies for each SSTR subtype for 18 h at 4 • C. Antigen-antibody complex was subsequently visualized using the Envision™ Detection System kit peroxidase/DAB (DAKO, Glustrop, Denmark) and counterstained with haematoxylin.
Evaluation of immunohistochemistry and
statistics At least 1,000 cells were counted by one of us (DM) in contiguous 400× microscopic fields in each case, for the epithelial cells, separately in Nep, HGPIN and PCa, as well as for the smooth muscle cells of the stroma and endothelial cells. The basal cells were evaluated in Nep and HGPIN. Nep was at least 5 mm away from PCa, whereas smooth muscle and endothelial cells were measured in areas approximately 1 mm away from PCa. Immunostaining was evaluated for the following three cell components: cytoplasm, membrane and nucleus. Staining intensity was subjectively graded as 1+, 2+ and 3+. In each case the percentages of positive cells and of cells with strong intensity (i.e., 2+ and 3+) were evaluated. For each group the mean and standard deviation were then calculated. The differences between groups were considered statistically significant at a value of p < 0.05 (Mann-Whitney test, SPSS software, SPSS Inc., Chicago, IL, USA).
Assessment of antibody specificity
The specificity of the five rabbit polyclonal anti-SSTR antibodies employed in this study was shown in a previous investigation with a western blot technique [13] .
Results
The data for the 5 SSTRs in the epithelial, smooth muscle and endothelial cells in Nep, HGPIN and PCa are reported in Tables 3-7 . Examples of the SSTR immunostaining in untreated and treated Nep, HGPIN and PCa are shown in Fig. 1A-F. 
Epithelial secretory cells
Membrane staining was seen for SSTR3 and SSTR4 (Table 3 ). The mean percentages of positive cells, higher in SSTR3 than in SSTR4, decreased sharply in HGPIN and PCa compared with Nep, in both groups. The mean percentages in the androgen ablated group were 30-90% lower than in the untreated one (Nep, SSTR3: p < 0.001; HGPIN, SSTR4: p = 0.006). A small proportion of cells with strong intensity was only seen in the untreated Nep cases and, to much lower extent, in the treated Nep ones.
Cytoplasmic staining was seen for all 5 SSTRs (Table 4). The mean percentages of positive cells in Nep, HGPIN and PCa of the untreated group were similar, and in general as high as 80% or more. In the treated group, the Nep values were similar to those in the untreated, whereas the values in HGPIN and PCa were lower for SSTR1, 3 and 5, with a decrease of 30% for SSTR1 (HGPIN, SSTR1: p = 0.022; PCa, SSTR1: p < 0.001). As shown in Table 4 (values in parenthesis), treatment reduced the percentages of strongly stained cells for all 5 SSTRs in Nep, HGPIN and PCa.
Nuclear staining was seen with SSTR4 and SSTR5 ( Table 5 ). The mean percentages for the former being much lower than for the latter. Treatment affected both HGPIN and PCa, whose proportions of stained cells were 30-55% lower than in the untreated group (PCa, SSTR4: p = 0.024; HGPIN, SSTR5: p = 0.002). SSTR expression in Nep was no affected.
Basal cells
Cytoplasmic staining was seen for all 5 SSTRs, both in Nep and HGPIN (Table 6 ). The values in the treated 
Note: The values in brackets are those with strong intensity, i.e., with 2+ and 3+. 
Note: The values in brackets are those with strong intensity, i.e., with 2+ and 3+. group were lower than in the other, the difference between the two group being in general comprised between 10 and 40% (Nep, SSTR1: p = 0.001; HGPIN, SSTR1: p < 0.001; Nep, SSTR3: p = 0.005; Nep, SSTR4: p = 0.044).
Smooth muscle and endothelial cells
The pattern of cytoplasmic staining in the smooth muscle and endothelial cells was similar (Table 7) . Treatment did not affect SSTR staining. The highest Fig. 1 . Immunostaining for the SSTR subtype 4. Faint staining (1+) in the cytoplasm of the basal and to a less extent in the secretory cells in the untreated (A) and androgen ablated normal looking epithelium (B). Moderate (2+) to strong (3+) staining in the cytoplasm and to a less extent in the membrane of untreated (C) and androgen ablated (D) HGPIN. Stromal and endothelial staining is seen in C whereas nuclear staining in the secretory cells is seen in D (arrow). Moderate (2+) to strong (3+) staining in the cytoplasm and to a less extent in the membrane of untreated (E) and androgen ablated (F) PCa. Strong endothelial staining is seen in E (arrow). mean values were seen for SSTR1 and the lowest for SSTR5. There were no cases with a distinct positivity in the cell membrane. Nuclear staining, seen only with the subtypes 4 and 5, was always weak and in a scattered cells.
The results obtained in the five pre-treatment biopsies with Nep and PCa were comparable to those seen in the untreated Group 1 (data not shown). Chromogranin A immunohistochemistry was done in deeper sections in two biopsies with 3+ cytoplasmic staining for the SSTR2 and 4 in the epithelium. Some but not all of the cells present in the same location were also Chromogranin A positive.
Discussion
Somatostatin (SST) is a 14-or 28-amino acid peptide that was originally described in 1973 as a hypothalamic NE hormone [3] , whose role was to inhibit the secretion of growth hormone from the anterior pituitary gland. The presence of this peptide hormone was subsequently detected throughout the central and peripheral nervous systems, and in several organs, including the prostate.
The actions of SST are mediated by a family of transmembrane domain G-protein-coupled receptors that comprise five distinct subtypes and that share common signaling pathways [17] . Although SSTRs are membrane-associated receptors, a significant amount of staining is seen within the cytoplasm, and some nuclear staining is also present in many immunoreactive cells [13] . The interpretation, based also on molecular studies by others [9, 10, 19] , is that, after binding their ligand at the cell membrane level, SSTR-ligand complexes undergo cellular internalization with progressive translocation from the cytoplasm to the nucleus where SSTRs exert the effect of somatostatin.
SSTRs are widely expressed in many organs [1, 5, 11, 18, 21, 24] , including the prostate [8, 20] , in the normal tissue as well as in benign and malignant lesions, at the level of epithelial, stromal smooth muscle and endothelial cells. Frequently multiple subtypes coexist in the same cell. The SSTRs present in the epithelial cells mediate the antiproliferative effect of SST. A possible role of the SSTRs in the smooth muscle could be to influence the release of various growth factors known to be synthesized in the stroma. As several of these growth factors act in a paracrine manner on the glandular part of the prostate to regulate prostate growth [6] , somatostatin could indirectly regulate biological events in the prostatic gland through a stromal action. Precise role of the SSTRs in endothelial cells have not yet been clarified, but somatostatin may be involved in angiogenesis.
Cloning of five SSTRs has led to the development of subtype-selective agonists. The antiproliferative and antiangiogenic properties of SSTR2-specific SST analogues octreotide and lanreotide have been exploited in several clinical trials [2, 22] . Therefore, it is very important to determine cell expression and localization of the five SSTRs. SSTR profiling in individual patients may be of relevance to better tailor the somatostatin analogue-based diagnosis and treatment.
Detailed information on the expression and localization of the five SSTR subtypes in epithelial cells in normal prostate, HGPIN and PCa, including cancers with NE differentiation, as well as in the smooth muscle and endothelial cells from hormonally untreated prostates has been reported in a number of studies [3, 4, [6] [7] [8] 15, 16, 20, 23] (Table 8 ).
The current investigation shows that the five SSTRs are detectable in prostate tissue from patients under CAA, even though there is reduction of their level in the epithelial cells, mostly in HGPIN and PCa (Table 9). Their expression and localization are unchanged in the smooth muscle and endothelial cells. This is the first study that documents such a pattern of SSTR expression and localization in the prostate lesions following androgen ablation. To the best of our knowledge there is only one previous study with some similarities with our current investigation, in which the effect of chemotherapy on SSTR expression was evaluated. It was found that chemotherapy seemed to reduce the cellular receptors for SST analogues [12] .
The limitation of our study is that immunohistochemistry was not associated with a molecular investigation. This type of comparative study was done to some extent by others, including Hansson et al. [8] in human benign prostatic hyperplasia and prostatic cancer, and Klisovic et al. [10] in human ocular tissue. The former group investigated SSTR2 and SSTR4 only. The latter investigated SSTR1 and SSTR2 in particular. Both groups found good correlation between immunohistochemical distribution of SSTRs and their gene expression.
In conclusion, the present study greatly expands our knowledge on the expression and localization of the five SSTRs in the epithelial, stromal smooth muscle and blood vessel endothelial cells by investigating Nep, HGPIN and PCa from patients under CAA. This information could be of paramount importance in therapeutic approaches in which SST analogues could be combined with other drugs, including those that reduce the effect of androgens on PCa. However, further studies based on a double staining techniques are needed to correlate SSTR expression with other markers, including proliferation. This should help further interpret the relevance of SSTR expression in androgen ablated PCa. 
